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Before such a body as the present, the subject, scarlet fever, is too well
known to have an interest except in certain phases. The scientific knowl-
-edge of scarlet fever remains today nearly the same as a generation ago;
but slight fruition has rewarded the workers in this field. Views of some
of the phases of the subject, however, have changed considerably and itis
largely to these and to a brief review that I shall direct attention.

ETIOLOGY.
The theories of the causation of scarlet fever have embraced each possi-

bility suggested by the advance of bacteriology: first, bacteria; second,
protozoa, and third, filterable virus or ultramicroscopic organisms.
Many bacteria have been described in the past in scarlet fever, some

supposedly specific. They have narrowed down, however, to the strep-
tococcus. Streptococci are found in the throat in practically all cases and
in the septic complications of the disease. Most of the serious complica-
tions and a large majority of the deaths are unquestionably due directly
to the streptococcus.
The Russian investigators claim to have secured marked immunity by

streptococcus vaccines. On the other hand, the most careful bacteriologi-
cal studies have failed to demonstrate a streptococcus specific for scarlet
fever. Immunity produced by known streptococcus infections is very
slight, while immunity to scarlet fever from one attack is Very marked.
The weight of evidence is against the organism being the cause, although
more knowledge of the streptococcus group is needed.

Next, the possibility of a protozoan cause was considered and protozotmn-
like bodies described by Mallory, Duval, Siegal, Prowazek, Gamoleia and
Schich and Rach supported this theory. Some investigators have failed
to substantiate this work. Sufficient evidence is not at hand upon which
to base a decision as to their etiological relationship to the disease.
The latest theory has been the ultramicroscopic virus. Bernhardt

claims experiments in monkeys have shown positive inoculations with
bacteria-free filtrates. Many have failed to inoculate monkeys by any
method, however, and conclusive proof is still wanting. The cause, there-
fore, remains in doubt, but it is true that the facts regarding the epidemiol-
ogy of scarlet fever and of diseases known to be caused by filterable viruses
agree.
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DiAGNOSIS.
No part of the subject has the practical importance today that diagnosis

presents. Our whole scheme of control depends on proper diagnosis.
Several more or less new signs have been reported.

Pastia's sign consists of a stain at the elbow fold having a mahogany-
brown color fading-through shades of brown. It is most intense,in the
severe cases and is present in a majority during the rash. It persists for a,
few days to at times one or two weeks. This sign may be absent in the
mildest cases and is found at times in other conditions as toxic erythemas.

Rumpel-Leede's sign, or the tourniquet sign, is produced by the appli-
cation of a tourniquet or a constricting band as an arm band of a blood
pressure apparatus to the upper arm. Sufficient pressure must be obtained
to produce a passive hyperaemia without shutting off the pulse. In most
cases of scarlet fever in two to five minutes a distinct petechial eruption
appears at the fold of the elbow consisting of minute pinpoint spots. This
sign.is present in practically all cases of scarlet fever while the rash is pres-
ent. It may occur after the rash for several weeks in some cases. It is also
present in many other erythemas, simulating scarlet fever, particularly in
multiform erythema and other toxic erythemas.

Schich has drawn attention to a sign produced by pinching the skin as
of the abdomen between the thumb and finger when a small ecchymotic
spot occurs.

These three signs depend on the well known tendency in scarlet fever to
petechial eruptions. In all the severer cases, these petechiae occur
spontaneously or in response to slight trauma and not infrequently in
mild cases but are so minute as to escape attention unless care is taken in
examination. Unfortunately the conditions simulating scarlet fever most
difficult of differentiation, as the toxic or septic rashes, often have this
same peculiarity.
Incluion bodies in the polymorphonuclear leucocytes were described by

Dohle and have been studied extensively. They appear early and are
found in most cases of scarlet fever during the stage of rash. They appear
stained by ordinary stains as methylene-blue and Wright's stain as small,
pale, irregular, rounded, oval or rod shaped bodies chiefly in the periphery
of the cells. It is believed that they are degenerations of the protoplasm.
Tlhes-e are found in other conditions, as diphtheria, at times, and especially
in streptococcus infections. Although supporting the diagnosis when
found in the acute stage and throwing some doubt on scarlet fever if absent
at this stage, they are not specific.
These recent signs have, therefore, not changed the status of diagnosis

notably. Accurate diagnosis is still a matter of clinical experience and
skill.
For clinical diagnosis, we have the great triumvir of signs-the throat,
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tongue and skin changes, which are too well known to require discussion
here. Vomiting, the fever course, mouth pallor, the type of onset and
involvement of the glands are of some value, but vary too much for de-
pendence to be placed on them. History of exposure and the pres-
ence of. albuminuria are worse than useless in my experience.

This consideration, it is seen, deals solely with the early stage. Unfor-
tunately, after the acute stage is passed, diagnosis is always more difficult.
Desquamation is a most unreliable sign, not infrequently absent when
scarlet fever is present, and present when the patient does not have this
disease. It varies greatly in degree, time of appearance and duration. I
make it a practice never to diagnose scarlet fever on desquamation alone.
Other signs must be present, preferably those of the throat and tongue, but
at times when satisfactory, a history of the course of the illness may be
accepted. I desire to emphasize the importance of making the diagnosis
in the acute stage and the folly of holding the diagnosis in abeyance in that
stage to await later desquamation as a conclusive evidence. There is no
specific type of desquamation. In case the signs in the acute stage are
insufficient, or the patient was not seen at that stage, he should be held as
a suspect until the danger of contagion, if scarlet fever had been present,
has passed.

Further knowledge of diagnosis is greatly demanded. Without question
one of the great stumbling blocks to better control of the disease is the
missed cases. Experience shows these may be due to three causes: - (1)
stage of medical knowledge of the disease, (2) failure of parents to carefully
observe their children and to have them examined when slight illnesses
occur, and of adults to consult the physician in similar circumstances,
and (3) mistakes of physicians due to careless methods of examination or to
personal ignorance. The latter two are by far the more important and
improvement in control requires that great improvement occur in both
directions. This is a problem for education and social service.

DIFFERENTIAL DIAGNOSIS.

I wish to speak of only two diseases for differential diagnosis: rubella and
sepsis. Rubella sometimes so closely simulates mild scarlet fever as to
be practically indistinguishable. Usually rubella may be recognized by
the early involvement of the face, the rapid progression of the rash and
its more discrete and blotchy character, the absence of throat involvement
and the more marked glandular involvement, especially of the post-auricular
glands, which are enlarged in about 90 per cent. of the cases. The mucous
membrane lesions of rubella consist of slight redness of the mucous mem-
branes rarely and a fine discrete red rash on the soft palate and buccal
mucous membranes, both of which are early and transient.

Septic conditions, as well as intoxications of various sorts, as drugs,

769



The American Journal of Public Health

burns, and protein intoxications, etc., give rashes at times practically in-
distinguishable from scarlet fever. Differentiation must be made, chiefly,
by a consideration of the lesions of mucous membranes. The diagnosis
of septic throat with a septic scarlatini-form rash is unjustifiable, I believe,
as all such cases coming to my attention have proved to be scarlet fever.

MANNER OF SPREAD.

The evidence as to the manner of spread has never been more clear or
the views more reasonable. One must consider: first, point of exit of
virus from body; second, the viability of the virus outslde the body;
third, the manner of transfer of virus; and, fourth, the portal of entry,
including invasive power and virulence of the virus and the resistance of
the patient.

Evidence as to the point of egress of the virus has come largely from a
study of return cases following discharge from isolation, particularly from
hospitals. Previous views have held to the contagiousness of the epithe-
lium. The evidence was largely the supposed coincidence of the periods
of desquamation and contagiousness. This conclusion seems to have come
from the well recognized experience that cases developing scarlet fever in
contact with other children usually did not transmit the disease if isolated
at once, while when desquamating cases had associated with others, con-
tagion often occurred. This, however, entirely overlooked the important
difference of degree and duration of contact in the two conditions. Be-
sides many experiences have shown that cases, although desquamating,
have not transmitted the disease.

If we have time, I might speak of one illustrative case, that of a child
who was admitted to a surgical ward with a diagnosis of abscess of the neck
and remained in this ward with, I think, eleven or twelve other children
for a week before the scarlet fever was recognized. He was desquamating.
He was quite sick. He had a septic throat and a very severe abscess of the
neck, and was not, of course, under conditions which brought him in close
contact with other patients in the ward, many of whom were quite ill but
others of whom were convalescing. None of these children developed
scarlet fever, but the nurse, an adult, who theoretically should have more
immunity, contracted the disease. It was her duty to change the poultices
on this child's neck and handle the patient, especially the discharges from
the wound, rather intimately, and without the knowledge of their conta-
giousness and therefore probably without the precautions she would have
taken, had she known that the patient had scarlet fever. The patient's
brother, by the way, was at this time taken sick with scarlet fever at home.
I have known several cases where the disease was transmitted before des-
quamation occurred and many cases where it was transmitted after the
scarlet fever desquamation, so far as we can speak of such a thing, had
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long passed. Hospital experience especially shows that the disease is not
spread particularly by air currents, although the powdery desquamation
must be easily disseminated. On the other hand, contagion clearly
*lingprs where there remain unhealed areas of the body surface either cuta-
neous or mucous. Lesions of the nose and nasal mucous membranes have
been most frequently a source of contagion, probably because the discharges
from this region are so readily spread about. Aural discharges, discharges
from paronychias, abscesses, abrasions, sinuses, etc., are less frequently a
source of danger and seem to vary according to the facility with which the
discharge may be transmitted freely. Ex. g., a sinus covered by a surgical
dressing and properly handled in changing so that no discharge may get
about, seems to be safe to others. I do not believe that all cases having
lesions of this. group are a source of danger but it is impossible at present
to certainly distinguish the dangerous and the non-dangerous ones.

Evidence is lacking as to the infectiousness of the exereta.
Viability of the virus outside the body is extremely difficult to determine

and our evidence is based on clinical experience with human beings.
Where scientific controls cannot be secured, how unreliable such evidence
is likely to be is well instanced in the earlier history of yellow fever and
malaria. In general, we have some reason to believe that under good con-
ditions of light and air and drying the virus rapidly dies perhaps in hours or
days. It is probable that under suitable conditions of gross contamination
and exclusion of light, heat and fresh air, infectious material may remain
viable and virulent for days or weeks. Whether the virus may remain
viable and virulent for many months as often believed, may be doubted
but proof either way is slight.
Manner of transfer of virus is clearly by transmission of infectious matter

from one person to another, an intermediate host not being required. This
transfer may be effected either by direct contact between the case or carrier
and the victim, or by indirect contact through infected objects, particularly
dishes, drinking glasses, handkerchiefs, towels, pencils, candy, chewing gum,
etc. Direct contact is the more important and the more frequent cause
of transfer. The disease may- also be transmitted by food supplies as milk,
a form of indirect contact. Under occasional conditions it may be trans-
mitted by droplets thrown out in coughing or sneezing or spitting. This
is not an important manner of ~pread epidemiologically as the disease is
not attended by coughing and sneezing usually as are measles and whooping
cough. Flies may spread the disease but they, also, do not play a large
r6le in the prevalence as the curve of incidence does not correspond at all
with the prevalence of this insect. The disease is not spread by air
except as given above.
The portal of entry is not known, but suspicions point to the mucous

membranes of the throat and nose, possibly, but not probably, to the gastro-
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enteric tract and lungs. The uninjured skin is a practically impervious
barrier to infection. It is probable that a normal and intact mucous
membrane is likewise a fair barrier to infection, but slight lesions and trauma
are so common and moisture and warmth are so favorable to infection
that no great dependence can be placed on this protection. Wounds,
burns and punctures of the skin probably allow entrance of infection, as
frequently shown by the disease following these conditions, in nurses and
doctors, etc., but this cannot be proved as the ordinary channel cannot be
excluded.
The invasive power of the virus and the resistance of the individual are

unknown. Immunity, as we use the term, includes all these factors. It
seems certain that early infancy, as well as adult life, is more immune than
childhood'. Part of this apparent immunity is probably due to modes of
life which do not bring infection frequently or intimately to the individual.
This is shown by the higher adult incidence in milk-borne epidemics.
Nurses at the South Department contract scarlet fever in less than 3 per
cent. The medical students contract the disease in a small fraction of a
per cent. The incidence among children is given at from 25 per cent. to
50 per cent. or more. The medical students give a history of having had
the disease, chiefly in childhood, in about 20 per cent. I believe that a
large majority of people, probably '75 per cent., escape the disease. The
low incidence among nurses suggests that immunity has come with adult
life, but it must be acknowledged that suitable technique may prevent
-infection in many nurses who are not immune.

DURATION OF CONTAGIOUSNESS.
The difficulty of ascertaining this point leads to many friendly differences,

and sometimes otherwise, in the management of scarlet fever cases. We
must admit that one cannot prove that any individual still harbors the
virus in a transmissible condition or that he is free from it except by
watching the result of exposure of susceptible people. Patients may leave
the hospital, moreover, harboring the contagion, but because of good per-
sonal hygiene and mode of life may not transmit the disease. On the other
hand, patients may be free from transmissible contagion on leaving and
develop a sore nose or a discharging ear later and become infectious again.
Presumably in these cases the virus has been held in the tissues and with
certain conditions as another infection such as a "cold," is washed out so
as to be -transmitted. Clear analogy to this is well known in diphtheria.
There is abundant clinical evidence that contagion may persist in an

individual who has had the disease for many weeks, as long as twenty at
least. However, it seems equally clear that some cases are a source of
danger for a very short time, possibly for a week only but a sufficiently
largeper cent. remain infectious for four to eightweeks to make the arbitrary
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minimum between these points. The longer it is, the surer wir there be
safety, other things being equal.

Lesions of the cutaneous surface and especially mucous surfaces of the
body bear a clear relationship to contagion and should' be healed before
release of the patient. It is possible for a patient with a sinus who can be
depended on to avoid touching the dressing so as to spread the discharge
to be released and the wound dressed with special precautions. It is
frequently held that crowding patients together increases the infectivity
of the individuals. This is held to be due to reinfection of convalescent
cases. I am not convinced that such is the case. Certainly in diphtheria
and typhoid carriers, the condition seems to occur because of some pecu-
liarity of their tissues and not because of repeated reinfections. I believe,
though the evidence is slight, that this is true for scarlet fever. Crowding
is very bad for infectious cases, however, and delays tissue repair in children
without question and in this way may increase the duration of infectious-
ness.
My experience has not at all suggested that the association of mild and

severe cases influences the course of the disease; if mild, the disease remains
mild as frequently when in association with severe cases as when not.

METHODS OF CONTROL.
Three methods of control are open in dealing with scarlet fever: 1, produc-

tion of immunity; 29, destruction of infectious cause; 3, prevention of trans-
mission through restrictions of individuals. All three have been used or
attempted but in the degree tried none has proved efficient as yet in control
of the disease.

1. Immunity. So called natural immunity has increased apparently
in the past fifty years. The mortality percentage is lower and fewer in-
stances of multiple deaths in one family occur. Whether efforts of control
have been instrumental in this result, or whether it has come from changes
in the host and his mode of life and hygiene or from changes in the infecting
organism can be hardly more than conjecture. Probably all three have
been factors.
Attempts at artificial immunity through inoculation, attempted years

ago, have been failures, as the inoculated disease did not prove milder, as is
the case in smallpox. The use of streptococus vaccines by Gabritschewsky
and others has been attended by rather marked results. Vaccinated persons
contracted the disease in from 0 to 8.5 per cent. in different villages as con-
trasted with 13.3 per cent. to 70.6 per cent in unvaccinated. Of ninety-one
vaccinated persons reported by Smirnoff, 37.3 per cent. developed scarlet
fever as contrasted with 3.93 per cent. of 127 vaccinated. More evidence
is needed on this point. I am skeptical. It is possible that other factors
not controlled, as type of individual who might come for vaccination, might
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be responsible. Some of the vaccinated cases also had sore throats, rashes,
etc., indistinguishable, I believe, from scarlet fever, but this was put down to
the vaccines and not counted as scarlet fever. It must be recalled that
streptococcus diseases, as erysipelas, do not give so high an immunity by
any means as occurs in scarlet fever. The streptococci also have not been
identified as specific for scarlet fever.
Whether immunity may be secured by general hygiene is doubtful, but

I believe that some protection may be secured by good care of the teeth,
gums and throat to preserve cellular layer of the mucous membranes.

2. Destruction of the Infecting Organism, by gaseous disinfection, scrub-
biug and germicidal solutions has been extensively practiced. As the Qnly
reservoir of the disease, so far as we know, is the human body, this has to
be limited to the destruction of the organisms thrown off from human
beings. This is by no means an easy matter practically. Much criticism
has arisen against this method and certain phases in particular. Two
factors must be considered in this problem: first, whether disinfection is
required, i.e., whether any material remains in the suspected areas capable
of producing the disease and second, whether remaining viable contagion
is destroyed by the method used and the parts of the patient's surroundings
that have been treated. For example, following measles, mumps, and
usually whooping cough, no viable contagious material would be present
in a day or so, and by the time the patient had recovered, all organisms
outside the body would have died. And even in diseases like scarlet fever
and diphtheria, in ca'ses of clean habits and a knowledge of the principles
of personal hygiene and asepsis, no contagion would be spread about so
as to transmit the disease.
On the other hand, where gross contamination with infectious secretions

of scarlet fever and diphtheria had occurred, an efficient germicide might
be applied to only part of the infected objects or to unimportant objects,
such as disinfecting the bedroom when the kitchen was by far more in-
fected and dangerous. Analysis of practical results of home disinfection
have not shown any real value from this method. The evidence suggests,
however, that there is a possibility of scarlet fever contagion persisting for
some time, although probably less than usually believed, and that there-
fore efficient disinfection is indicated as a safeguard. Mechanical cleans-
ing and the application of efficient germicides as cresols and phenol to the
infected areas should be done. Attention should be given especially to
objects likely to be contaminated by secretions, as basins, bedside tables,
chairs, eating and drinking utensils, tooth brushes, and bathroom and
kitchen, if patient has been to these places. Walls, ceiling, closets and
drawers are much less or not at all to be considered as a source of
danger. Formaldehyde gas under ihe conditions requiring disinfection in
homes is often useless because proper application is not possible.
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Disinfection, finally, as a means of control, falls short, even if all or-
ganisms outside the body were killed by it, in that the organisms persist-
ing in the tissues of the host are not reached. We would need a specific
drug as salvarsan in syphilis, or better, to render the human body free from
the danger of spreading the disease. When the infection is in milk, it can
be destroyed, of course by pasteurization or boiling. One cannot pass
over the great bacteriacidal action of fresh air and sunlight, biologically
more important in the destruction of pathogens than all our puny efforts.
Scarlet fever patients as well as their surroundings may well be exposed to
these conditions as a means of disinfection as well as for the clinical bene-
fits to the patients with this disease.

3. Prevention of Contact. First, through restrictions of all cases or car-
riers of the disease and, second, restrictions of healthy people who may have
been in contact, in a disease spreading as slowly as scarlet fever, prevention
of contact should be of great value in control but proof is however not
very conclusive that this has been so. Failure must be laid to, (1) insuf-
ficiently early isolation; (2) imperfect isolation through faulty methods or
imperfectly carried out; (3) too short isolation, and (4) missed cases. This
method is our most promising one at this time and it should be more
efficiently applied. The net must have no hole, the chain no weak link,
to make it a success.

Restriction of well persons is being given up. On a large scale it passed
with a better knowledge of yellow fever and a greater certainty of the effi-
ciency of vaccination in smallpox. It-probably will never return, except
under very unusual conditions. In scarlet fever, restriction of well adults
should be limited to those who handle food supplies, as milk, and who come
from houses where the disease is present and likely to contaminate them.
Adults, especially males, so rarely develop the disease in families where
children are ill, that shutting them off from their labors, as carpentery, and
all outdoor work, not especially offering contact with food or children, is
unnecessary. This is, however, frequently practiced in small communi-
ties in Massachusetts.

Children who have been exposed or where exposure may continue should
be restricted as far as possible from intimate contact with other children
and should be kept out of school until danger of developing the disease is
passed.

Closure of schools because of the disease developing therein is of little
value, because it is not closed sufficiently long for the carrier or missed
case to become harmless and because contact at home or in the neighbor-
hood is likely to introduce the disease again through mild or missed cases.
Besides, experience shows that by repeated careful inspections by
experts and exclusion of the suspects and new cases as they. arise, the dis-
ease may be speedily eliminated from the school.
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Prevention of spread may be aided by proper education without restric-
tions of the activity of persons. Education of people, through social serv-
ice and other ways, to avoid the spread of nose and throat secretions,
by care with towels, handkerchiefs, by precautions as to eating, sleeping,
playing together of children, would do much to prevent the transmission
of the disease.
Communities may well obtain better results than the present if the

known methods of control are applied more completely and intelligently.

DISCUSSION.

A MEmBER: I would like to ask about the period of incubation of scarlet fever.
DR. PLAcE: That is so much disputed, and we have so little evidence, that I did not speak

of it, largely because I don't think it is of any great practical value. Personally I believe
with McCollom that the incubation period varies greatly, and that it is often longer than
a week, although I don't think the average case is longer than a week. Dr. McCollom puts
the extreme period as long as eighteen to twenty-one days. That is not, however, usually
accepted. Generally the incubation period is accepted as from a few days to a week. I have
seen many cases, isolated, so far as we know, completely from further exposure, who have
developed the disease over a week after the last known exposure. But always there is a
chance of a break somewhere; the patient may have been exposed in the interim that you
did not know about.


